Effect of Thermal Shock on the Blood Physiology and
Respiratory Response in a Coastal Fish Species: Long
Whiskers Catfish (Mystus gulio)

Md. Harun-Ur-Rashid

Roll No.: 0123/05
Registration No.: 1277

Session: 2023-2024

A thesis submitted in the partial fulfillment of the requirements for the degree
of Master of Science in Fish Biology and Biotechnology

Department of Fish Biology and Biotechnology
Faculty of Fisheries
Chattogram Veterinary and Animal Sciences University

Chattogram-4225, Bangladesh

DECEMBER 2024



Authorization

| hereby declare that this thesis is entirely my original work. I grant Chattogram
Veterinary and Animal Sciences University (CVASU) the right to share this thesis with
individuals or organizations for academic research purposes. Additionally, I authorize
CVASU to reproduce this thesis, in full or in part, through photocopying or other means
as requested by any individual or organization for academic use. Furthermore, | certify
that the electronic version of this thesis provided to the CVASU Library is a true and
accurate replica of the printed thesis submitted, within the limits of current
technological capabilities.

The author

December 2024



Effect of Thermal Shock on the Blood Physiology and
Respiratory Response in a Coastal Fish Species: Long
Whiskers Catfish (Mystus gulio)

Md. Harun-Ur-Rashid

Roll No.: 0123/05
Registration No.: 1277
Session: 2023-2024

This is to certify that we have examined the above Master’s thesis and have
found that is complete and satisfactory in all respects and that all revisions
required by the thesis examination committee have been made

Dr. Md. Mahiuddin Zahangir Dr. Subrata Kumar Ghosh
Supervisor Co-supervisor

Dr. Md. Mahiuddin Zahangir

Chairman of the Examination Committee

Department of Fish Biology and Biotechnology
Faculty of Fisheries

Chattogram Veterinary and Animal Sciences University
Khulshi, Chattogram-4225, Bangladesh

December 2024



Acknowledgment

| am deeply grateful to the Almighty for granting me the strength, perseverance, and
patience to successfully pursue and complete my postgraduate studies and thesis for the
Master of Science (MS) degree in Fish Biology and Biotechnology.

My sincere appreciation goes to Dr. Md. Mahiuddin Zahangir, Associate Professor
in the Department of Fish Biology and Biotechnology, Chattogram Veterinary and
Animal Sciences University, for his steadfast support, expert guidance, constructive
feedback, and constant encouragement, all of which were instrumental in the
completion of my work.

| am deeply grateful to Dr. Subrata Kumar Ghosh, Associate Professor in the
Department of Fishing and Post-Harvest Technology, Faculty of Fisheries, Chattogram
Veterinary and Animal Sciences University, for his invaluable support and guidance.

| am also profoundly thankful to Azmaien Naziat, Lecturer in the Department of Fish
Biology and Biotechnology, Chattogram Veterinary and Animal Sciences University,
for her unwavering support, which significantly contributed to my growth as a confident
and capable researcher.

| am deeply grateful to Shifat Ara Noor, Lecturer in the Department of Fish Biology
and Biotechnology, Chattogram Veterinary and Animal Sciences University, for her
steadfast support.

I am fortunate to acknowledge the valuable assistance and camaraderie of my fellow
researchers, including Haphsa Khanom, Shaharier Ahmed, and Md. Shamim
Rahman, whose support and kindness during the research period were greatly
appreciated.

Lastly, | am deeply thankful to my parents and friends for their unconditional support,
blessings, and sacrifices, which have been my source of strength and motivation
throughout this journey.

The Author
December 2024



Chapter

Table of Contents

Title

Authorization
Signature page
Acknowledgment
Table of contents
List of plates

List of figures

List of tables
Abstract
Introduction

1.1. Background

1.2. Obijectives of the study
Review of Literature

2.1. Mystus gulio

2.2. Temperature variations and thermal shock
2.2.1. Thermal stress and blood physiology

2.2.2. Thermal stress and erythrocytic

abnormalities

2.2.3. Thermal stress and gill
movement/respiration

2.2.4. Thermal acclimation and oxygen

consumption
2.3. Heat shock in fish

2.3.1. Effect of heat shock on blood physiology

2.3.2. Effect of heat shock on respiration and

respiratory organ in fish
2.4. Cold shock in fish

2.4.1. Effect of cold shock on blood physiology

Page no.

V-Vi
vii

viii

5-14

8-9
9-10

10
10-11
11-12

12-13
13-14



2.4.2. Effect of cold shock on respiration and
respiratory organs

Materials and Method
3.1. Study area

3.2. Experimental fish
3.3. Experimental design
3.4. Data collection

3.5. Recording of opercula movement and oxygen
utilization

3.6. Measurement of hemato-bhiochemical
parameters

3.7. Evaluation of cellular and nuclear
abnormalities of erythrocytes

3.8. Red and White Blood Cell counts

3.9. Measurement of water quality parameters
3.10. Statistical analysis

Results

4.1. Dissolved Oxygen (DO) levels at different
temperatures

4.2. Oxygen saturation levels at different
temperatures

4.3. Oxygen consumption at different temperature

4.4. Opercular respiratory rate at different
temperatures

4.5. Effects of temperature on hematological
parameters

4.5. Effects of thermal shock on Erythrocytic cells

4.6. Effects of thermal shock on Erythrocytic
nucleus

Discussion
Conclusion
Recommendations
References

Brief Biography

14

15-20
15
15-16
16-17
17
18

18

18-19

19
20
20
21-28
21

22

22-23
23-24

24-25

25-27
27-28

29-31
32
33

34-49

50



List of Plates

Plate no. Title
1 Study area
2 Mystus gulio
3 Setting up experiment: A; Using heater to increase

temparature with aeration (control), B; Providing ice to
decrease temparature without airation, C; During the

experiment

4 Data collection: A; Measuring of length, B; Weighing the
fish, C; Blood collection, D; Measuring of blood

parameters

Evaluation of cellular and nuclear abnormalities of

> erythrocytes
6 Cellular abnormalities in Giemsa-stained blood smears of
Mpystus gulio under thermal shock higher and lower: a)
regular cells; b) spindle shaped; c) tear-drop shaped; d)
elongated; e) fusion cells; f) twin cells
7 Nuclear abnormalities in Giemsa-stained blood smears of

Mystus gulio thermal shock higher and lower: a) regular
cells; b) nuclear degeneration c¢) karyopyknosis d) dead

cells; e) notched nuclei f) micronuclei

Page no.

15

16

17

17

19

26

28



Figure no.

List of Figures

Title

Dissolved oxygen (DO) levels at different temperatures
measured in M. gulio (n=6) for 24 hours. Different
superscripts of alphabets indicate statistically significant
(p<0.05) differences between thermal shock groups and

the control group. Data presented as mean + SD.

Oxygen saturation levels at different temperatures
measured in M. gulio (n=6) for 24 hours. Different
superscripts of alphabets indicate statistically significant
(p<0.05) differences between thermal shock groups and
the control group. Data presented as mean + SD.

Oxygen consumption rate at different temperatures
measured in M. gulio (n = 6) for 24 hours. Different
superscripts of alphabets indicate statistically significant
(p<0.05) differences between thermal shock groups and

the control group. Data presented as mean + SD.

Opercular respiratory rate at different temperatures
measured in M. gulio (n=6) for 24 hours. Different
superscripts of alphabets indicate statistically significant
(p<0.05) differences between thermal shock groups and

the control group. Data presented as mean + SD.

Page no.

21

22

23

24



Table no.

1

List of Tables

Title

Water quality parameters monitored every 01 hour during the

experimental period

Hematological parameters of M. gulio at different
temperatures exposure for 24 hours

Cellular abnormalities of erythrocytes during the
determination of thermal shock higher and lower of Mystus

gulio

Nuclear abnormalities of erythrocytes during the
determination of thermal shock higher and lower of Mystus

gulio

Page no.

20

25

27

28



Abstract

Climate change has emerged as a major driver of environmental stress, altering aquatic
ecosystems through rising temperatures, hypoxia, and other stress-inducing factors.
These changes significantly affect the physiology, behavior, and survival of aquatic
species, particularly in coastal regions. Long Whiskers Catfish (Mystus gulio), a
prominent coastal species, is widely distributed and holds significant potential for
coastal aquaculture in South Asian countries including Bangladesh. This study
evaluates the impact of thermal shock on the physiological and respiratory functions of
Mystus gulio, an ecologically and economically important coastal fish species. The
species were subjected to rapid temperature changes—cold shock at 21°C and heat
shock at 34°C—under low oxygen (hypoxic) conditions. The study recorded notable
declines in dissolved oxygen levels and oxygen saturation, accompanied by a
significant increase in oxygen consumption and opercular movements, indicating
heightened respiratory activity under stress. Hematological assessments revealed a
marked rise in glucose and white blood cell counts, while hemoglobin, cholesterol, and
red blood cell levels were significantly reduced. Additionally, various erythrocytic
abnormalities, including spindle-shaped, tear-drop, elongated, twin and triplet cells,
along with erythrocytic nuclear irregularities such as micronuclei, notched nuclei,
nuclear degeneration, and dead cells, were observed. These physiological disruptions
underscore the vulnerability of M. gulio to sudden temperature fluctuations in hypoxic
conditions, a challenge amplified by the growing frequency of extreme weather events
linked to climate change. The findings emphasize the urgent need for climate-resilient
aquaculture practices to minimize thermal stress and ensure the sustainability of coastal

fisheries.
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